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FIRST HOST RECORD FOR PTEROMALUS CARDUI
(HYMENOPTERA: PTEROMALIDAE) ON UROPHORA
QUADRIFASCIATA (DIPTERA: TEPHRITIDAE)

IN SPOTTED KNAPWEED (CENTAUREA
BIEBERSTEINII, ASTERACEAE) IN MICHIGAN, U.S.A.

Jordan M. Marshall.>* Roger A. Burks,' and Andrew J. Storer?

ABSTRACT: An association between the biological control agent Urophora guadrifasciata and a
parasitoid, Pteromalus cardui, was found within seed heads of spotted knapweed (Centanrea bieber-
steinii) in Michigan, U.S.A. There was a significant correlation between the percentage sced heads
with U. guadrifasciata emerging and those with £ cardui emerging. This parasitoid might reduce the
already limited effectiveness of U. guadrifasciata in controlling spotted knapweed.
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Classical biological control of exotic pestiferous organisms involves the im-
portation and release of their natural enemies, with each releasc intended to
reduce the population size of the targeted species (e.g. Pedigo 1999, Speight et
al. 1999). Prior to release of the biological control agents, host specificity tests
are carried out under quarantine conditions to minimize the likelihood of the
agent having unacceptable impacts on nontarget species. During the quarantine
period, biological control agents arc sterilized to ensure the agents are not carry-
ing a pathogen, parasite, or predator of their own that would result in a failure of
the biological control program (APHIS-PPQ 2003). Even with such measures in
place to increase the chances of a biological control agent. predators or parasites
native to the release location may become problematic for the agent.

Spotted knapweed, Centanrea biebersteinii de Candolle (= C. maculosa auct.
non Monnet de la Marck) (Asteraceae). is considered one of the most economi-
cally destructive weeds in rangelands of western North America (Harris and
Cranston 1979). It can be found throughout the contiguous United States, Alaska,
Hawaii, and in all Canadian provinces except the Northwest Territories and
Nunavut. Ecological impacts imposed by spotted knapweed include increasing
sedimentation and runoff, decreasing native plant diversity. and decreasing for-
age quality for grazers (Lacey et al. 1989, Kedzie-Webb ct al. 2001. Olson and
Wallander 2001).
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Urophora quadrifasciata (Meigen) (Diptera: Tephritidac) is a Palearctic seed
head gall fly introduced from the Krasnodar Territory, Russia, into British
Columbia, Canada, in 1972 as a biological control agent for spotted and diffuse
knapweed, C. diffisa Monnet de fa Marck (Asteraceae) (Harris 1980a). Over the
past 30 years, subsequent releases in several American states and Canadian
provinces have allowed U. quadrifasciata to spread through much of the north-
ern range of spotted and diffuse knapweeds (Story 2002). In addition to these
releases, the dissemination of U. quadrifasciata is aided by its ability to disperse
over large distances and locate remote patches of knapweed (Harris 1986, Mays
and Kok 2003). It develops within seed heads by diverting energy from the plant
to larval maturation by inducing gall production in the plant (Burkhardt and
Zwolfer 2002).

U. guadrifasciata has an obligate second generation that overwinters in the
seed head as late-instar larvae and emerges the following May-June (Myers and
Harris 1980, Harris 1980a). A high supercooling capacity (down to -35°C) en-
ables the larvae to survive at extremely low temperatures, providing an extension
of suitable habitat into areas experiencing extended periods of exceptionally cold
weather (Story et al. 1993).

Larval mortality within spotted knapweed seed heads is often caused by direct
predation by several bird and small mammal species, as well as indirect con-
sumption by deer grazing on seed heads (Story et al. 1995). In April 2003,
Pteromalus cardui (Erdds) (Hymenoptera: Pteromalidae) (Dzhanokmen and
Grissell 2003), a Palearctic parasitic wasp, was reared from spotted knapweed
sced heads collected at locations in Houghton County, Michigan. During this
time, U. quadrifasciata adults were also reared from seed heads collected from
the same locations.

Pteromalus cardui has been recorded from Britain, Hungary, Kazakhstan, and
The Czech Republic (Graham 1969; Dzhanokmen 1987, 2001). It has been re-
ported to parasitize the tephritids Tephritis dilacerata (Loew) and Eusina sonchi
(Linnaeus) on Sonchus arvensis Linnaeus (Asteraceac), as well as other Tephritis
spp. on Ptarmica cartilaginea l.cdebour (Asteraceac) (Dzhanokmen 2001).
None of these fly hosts of P cardui have been recorded from northern Michigan
(Foote et al. 1993).

Following initial observations of the parasitoid emerging from spotted knap-
weed seed heads, studies were undertaken to (1) develop evidence that the para-
sitoid uses U. quadrifasciata as its host in spotted knapweed and (2) determine
whether there is a relationship between emergence of the parasitoid and emer-
gence of the seed head fly.

METHODS
Spotted knapweed plants were collected from 12 patches in Houghton County,
Michigan, from 23 August to 14 November 2002, and stored at -8°C for 6 to 8
months, depending on the collection date. In April and May 2003, 660 seed heads
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were randomly selected from the 12 sites and placed into vials to rear adult U.
quadrifasciata and P. cardui at room temperature. Eight-dram plastic shell vials
were half filled with wet sand topped with a layer of dry sand. Vials werc cov-
ered with cotton fabric securing a single knapweed seed head inside. and they
were monitored for insect emergence every 3 to 4 days. The identity of U. quad-
rifasciata adults was verified using White and Korneyev (1989) and voucher
specimens (1 male and 1 female) of P, cardui have been deposited in the Insect
Collection of the University of Michigan, Museum of Zoology.

The proportion of seed heads from which P. cardui emerged and from which
U. quadrifasciata emerged was determined for each collection site, and relation-
ships between these proportions were tested using correlation analysis of arcsine
transformed data (arcsin\/p) (Zar 1999).

RESULTS AND DISCUSSION
One hundred seventeen P. cardui adults emerged from the 660 spotted knap-
weed seed heads placed in rearing. Wasps were reared from seed heads collect-
ed at 9 of the 12 sites (Table 1), with the first adults emerging after 17 days. Fifty-
four U. quadrifasciata adults also emerged from the 660 seed heads, with speci-
mens reared from 8 of the 12 sites. On 9 occasions these flies emerged from the
same seed head as a wasp (Table 1).

Table I. Percentage of spotted knapweed seed heads from which Urophora quadrifasci-
ata and Pteromalus cardui emerged alone, and those from which both U. guadrifasciata
and P cardui emerged. Seed heads were collected in Houghton County, Michigan, and
insects emerged from May through July 2002 after overwintering.

Site (UTM No. of seed heads Urophora — Pteromalus  Both
Zone 16N) placed in rearing  quadrifasciata  cardui spp.
1 (382178, 5219134) 50 0.0 4.0 0.0
2 (380817, 5219287) 52 0.0 0.0 0.0
3 (380634, 5219085) 50 0.0 0.0 0.0
4 (379830, 5218685) 25 4.0 8.0 0.0
5 (379672, 5219258) 25 12.0 44.0 4.0
6 (379990, 5219550) 78 3.8 6.4 2.6
7 (380159, 5210635) 50 0.0 12.0 0.0
8 (380549, 5218850) 55 1.8 0.0 0.0
9 (380338, 5218618) 97 9.3 29.9 1.0
10 (380338, 5218618) 20 40.0 30.0 10.0
11 (379739, 5218616) 49 6.1 20.4 2.0
12 (378375, 5221202) 109 10.1 11.9 1.8

Total 660 59 12.7 1.4
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Of seed heads that yielded at least one P. cardui, the mean number emerging
was 1.26 (SE = 0.07). Of seed heads that yielded at least one U. quadrifasciata,
the mean number emerging was 1.13 (SE = 0.06). Thirty-five percent of 2. car-
dui adults that emerged were reared from seed heads with one or more other adult
P, cardui. Eleven P. cardui adults emerged from the 9 seed heads producing both
U. quadrifasciata and wasps. No other insects emerged from seed heads from
any of the sites. The proportion of seed heads from which P. cardui emerged at
cach site was correlated with the proportion of seed heads from which U. quadri-
Jfasciata emerged (r = 0.7270; p < 0.01).

The fifty-four U. quadrifasciata adults emerged resulted in 0.08 viable galls/
seed head. Though Norwierski et al. (1987) described acceptable densities of
U. quadrifasciata larvae as 0.5 gall/seed head, Harris (1980b) observed only 0.1
galls/seed head and reported a ninety-five percent reduction in seed production
by U. quadrifasciata, in cooperation with U. affinis. This reduction in seed pro-
duction is based on the assumption that each spotted knapweed plant produces
an average ot 416 seeds (16 seed heads/plant , x 26 seeds/seed head) (Watson and
Renney 1974). A large number of seeds, 1300 to 1600 seeds/m’, are still allowed
to enter the seed bank with viability of up to eight years in the soil (Harris 1980b,
Davis et al. 1993). In areas where U. affinis and U. quadrifasciata co-occur,
U. quadrifasciata rapidly becomes the dominant species in knapweed patches
(Mays and Kok 2003).

Even with U. quadrifasciata becoming well established, including areas such
as the Upper Peninsula of Michigan where no releases have been made, a large
number of sceds are not being destroyed and densities of spotted knapweed are
not being reduced (Lang et al. 1997). Such ineffectiveness has been considered
a biological control failure (Myers 2000). The limited effectiveness of U. quadri-
fasciata in reducing spotted knapweed seed production may be decreased further
through parasitism by P cardui.
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